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(54) Low power illuminator 

(57) An illuminating device (320) comprises a light 
source (400) associated with a lens (510) having an 
integrally formed reference surface (580) to which the 
light source (400) is attached. The light source (400) is 
a linear array (432) of surface mount light-emitting 
diodes (430) that emit light in a direction parallel to the 
surface (424) to which they are mounted. The precise 



location of the light source (400) relative to the lens 
(510) concentrates the light emitted from the light 
source (400) onto the object which is to be illuminated, 
thus reducing the intensity of light required and the 
power requirement of the light source (400). 
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D scription 

[0001] The present inv ntion relates generally to a 
low power illuminator and, more particularly, to a low 
power illuminator used in a bar code reader of the type 
used in an automated media exchanger. 
[0002] An illuminator is an optical assembly used to 
fdcAJS lighi onto an 6bj§ct, thus, Illuminating the object. 
An illuminator is often used in conjunction with an imag- 
ing device which is used to generate machine-readable 
image data, referred to herein simply as image data, of 
the illuminated object. Illuminators may be used in a 
variety of applications, such as electronic scanners and 
bar code readers. An illuminator used in an electronic 
scanner may, as an example, illuminate text that is to be 
converted to image data by an imaging device. An illu- 
minator used in a bar code reader serves to illuminate a 
bar code, which is converted to image data by an imag- 
ing device. 

[0003] Bar codes are used in numerous applica- 
tions to identify objects to which the bar codes are 
affixed. Examples of barcodes include the uniform price 
code used to identify retail goods and various forms of 
shipping labels used to track parcels. Bar codes may 
also be affixed to media pieces located in an automated 
media exchanger and may serve to identify the media 
pieces to which the bar codes are affixed. A bar code is 
an optical symbol containing coded information, 
wherein the symbol is able to be imaged by an imaging 
device. The imaging device generates an image of the 
bar code and converts the image to image data. The 
image data is output to a processor, which deciphers 
the image data representing the image of the bar code 
to "read" the bar code. Reading the bar code is the 
operation of deciphering the bar code to obtain the infor- 
mation encoded in the bar code. The information 
encoded in the bar code may, as an example, identify 
the object to which the bar code is affixed. 
[0004] A bar code may, as an example, be a repre- 
s ntation of a character set, e.g., ASCII characters rep- 
resented by binary numbers. One type of bar code 
format that represents a binary number consists of an 
array of alternating relatively reflective and relatively 
nonr flective surfaces wherein the transition from one 
surface to an adjacent surface represents the transition 
from one bit to another bit of the binary number. The 
alternating reflective and nonreflective surfaces may, for 
example, be alternating reflective and nonreflective 
stripes. The reflective stripes are sometimes referred to 
her in as spaces and the nonreflective stripes are 
sometimes referred to herein as bars. The bars may, as 
an example, be dark-colored stripes and the spaces 
may, as an example, be light-colored stripes. Each 
stripe, thus, represents one bit of the binary number. 
The stripes may, as an example, be either wide or nar- 
row. A wide stripe may represent a one and a narrow 
stripe may represent a zero. The binary number repre- 
sented by the bar code is, thus, defined by th widths of 



the alternating bars and spaces. 
[0005] The bar code format described above has 
numerous different specifications that may apply to the 
arrangement of the bars and spaces. The specifications 
5 may define the numbers of, and widths of, the bars and 
spaces used to represent the characters encoded in the 
barcode. The specifications may also define the relative 
reflectivity of the bars and spaces. For example the 
specifications may define the reflectivity of a space rel- 
10 ative to a bar. Other bar code formats are known in the 
art and may, as examples, comprise two-dimensional 
arrays of reflective and nonreflective squares or con- 
centric reflective and nonreflective circles. All the bar 
code formats, however, have relative reflective and rela- 
ys tive nonreflective surfaces. 

[0006] A bar code reader is a photoelectric device 
that is used to read bar codes. Reading a bar code is 
the process of analyzing the areas of high and low 
reflectivity to decipher the information encoded in the 
20 bar code. The bar code reader typically comprises an 
illuminator, an imaging device, and a processor. The 
illuminator serves to illuminate the bar code via an illu- 
mination beam of light. The illuminator may, for exam- 
ple, be a laser or an array of light-emitting diodes. An 
25 image beam of light constituting an image of the bar 
code reflects from the bar code. The imaging device 
receives the image beam and converts the image of the 
bar code to image data. The processor analyzes the 
image data to distinguish the image data representing 
30 the reflective surfaces from the image data representing 
the nonreflective surfaces. Based on the analysis of the 
image data, the processor is able to decipher the infor- 
mation encoded in the bar code. 

[0007] The illuminator is required to uniformly illumi- 

35 nate the bar code, otherwise, the processor may be 
unable to distinguish the reflective surfaces from the 
nonreflective surfaces. For example, if one end of the 
bar code is more intensely illuminated than the other 
end of the bar code, the nonreflective surfaces in the 

40 intensely illuminated end may reflect more light than the 
reflective surfaces in the less intensely illuminated end 
of the bar code. The processor will likely be unable to 
read the bar code because it will not be able to distin- 
guish the nonreflective surfaces from the reflective sur- 

45 faces throughout the bar code. 

[0008] The illuminator typically comprises a light 
source associated with a lens. The lens may have a 
focal point as is known in the art. When the light source 
is precisely located at the focal point, the illumination 

so beam is able to be focused efficiently on the object 
being illuminated. When the light source is located a 
distance from the focal point, the light energy constitut- 
ing the illumination beam will be partially wasted 
because the illumination beam will diverge, converge, or 

55 steer from the object which is to be illuminated. Conven- 
tional illuminators are not able to be manufactured with 
the tolerance between the location of the light source 
and the focal point low enough to efficiently use the light 
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emitted by the light source. The conventional method of 
resolving the inefficient use of the light energy is to 
increase the light intensity emitted by the light source, 
which requires an increased amount of power to be sup- 
plied to the light source. 
[0009] Bar codes, as described above, are often 
used in autochangers to identify the media pieces that 
may be stored in the autochanger. An autochanger is a 
device that stores media pieces in a library and moves 
selected media pieces from the library to a media player 
when a user requests information stored on selected 
media pieces. Likewise, when the user no longer 
requires the information stored on a selected media 
piece, the autochanger moves the selected media piece 
from the media player to a specific location in the library. 
The autochanger uses a media handling device, some- 
times referred to herein as a picker, to move the 
selected media pieces between the library and the 
media players. Bar codes may be affixed to the media 
pieces and may serve to identify the contents of the 
media pieces. A bar code reader, as described above, 
may be affixed to the picker and may serve to read the 
bar codes affixed to the media pieces. 
[0010] An objective in the design of an autochanger 
is to minimize the power consumption of the auto- 
changer. Minimizing the power consumption allows the 
autochanger to operate with a minimally sized power 
supply, which, in turn, minimizes the size of the auto- 
changer. The same objective of minimizing power con- 
sumption applies to the picker. The picker is a mobile 
device that operates in the tight confines of the auto- 
changer, which creates problems in supplying power to 
the picker. The picker may, for example, be supplied 
power through a conventional cable, e.g., a ribbon 
cable, or through a conventional brush system. 
[0011] A ribbon cable is a flexible cable that con- 
ducts current between the power source and the picker. 
The ribbon cable may also conduct data signals 
between a processor and the picker. As the picker 
moves throughout the autochanger, the ribbon cable 
remains attached to the picker. As the power require- 
ments of the picker increase, the diameter of the ribbon 
cable must increase to accommodate the increased 
power requirements. The increased diameter of the rib- 
bon cable increases the rigidity of the cable and may 
cause the ribbon cable to bind on the components 
located within the tight confines of the autochanger. 
[0012] The brush system may consist of rigid con- 
ductors, e.g., conductive rails, affixed to the interior of 
the autochanger along paths that the picker travels. Rel- 
atively flexible conductive brush elements may be 
affixed to the picker wherein the brush elements electri- 
cally contact the rigid conductors. As the picker moves, 
the brush elements move along the rigid conductors so 
as to maintain constant electrical contact with the rigid 
conductors, which allows electric current to flow 
between the rigid conductors and the brush elements. 
The amount of current that may flow between the rigid 



conductors and the brush elements is proportional to 
the size of the rigid conductors and the brush elements 
in addition to the number of rigid conductors and brush 
lements used in the autochanger. In order to maintain 

5 constant electric current flow, it is critical that the electri- 
cal conductive surfaces between the brush elements 
and the rigid conductors remain free of contaminants 
that may interrupt the current flow between the rigid 
conductors and the brush elements. 

w [0013] As the power requirements of the picker 
increase, the electric current passing between the rigid 
conductors and the brush elements increases accord- 
ingly. This current increase may cause oxidation to form 
on the conductive surfaces, which interferes with the 

75 electric current flow between the rigid conductors and 
the brush elements. Overcoming this problem may be 
accomplished by increasing the number of, or size of, 
the brush elements used by the autochanger. This solu- 
tion, however, increases the weight, complexity, and 

20 cost of the autochanger. Increased power requirements 
also require the autochanger to have a larger power 
supply, which increases the size and cost of the auto- 
changer. 

[0014] One method of reducing the power require- 
25 ments of the picker and, thus, the autochanger, is to pro- 
vide a bar code reader which requires minimal power to 
operate. Therefore, a need exists for a barcode reader 
that is able to be located in a picker and which requires 
minimal power to operate. 
30 [0015] An illuminating device that requires minimal 
electric power is disclosed herein. The illuminating 
device may comprise a light source associated with a 
lens. The lens may have an integrally formed reference 
surface to which the light source is attached. The light 
35 source may, as an example, be a linear array of surface 
mount light-emitting diodes that emit light in a direction 
parallel to the surface to which they are mounted. The 
integrally formed lens and reference surface used in 
conjunction with the surface mount light-emitting diodes 
40 reduce the tolerances in the location of the light source 
relative to the lens. Accordingly, the light source may be 
. precisely located relative to the lens. This precise loca- 
tion of the lens concentrates the light emitted from the 
light source onto the object which is to be illuminated. 
45 This light concentration reduces the intensity of light 
required to be emitted by the light source and, thus, 
reduces the electric power requirement of the light 
source. 



so Fig. 1 is a side perspective view of an autochanger 
illustrating a picker associated with a magazine. 
Fig. 2 is a side perspective view of an illuminator of 
the type summarily illustrated in Fig. 1 . 
Fig. 3 is a side view of the illuminator of Fig. 2. 

55 Rg. 4 is an enlarged view of a portion of Fig. 3. 

Fig. 5 is an internal side view of the picker of Fig. 1 . 

[0016] Figs. 1-5 illustrate an illumination system 
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320 comprising a first substrate 500 having a substrate 
surface 580 formed thereon; at least one light source 
400 located on the substrate surface 580; at least on 
light path 534 ext nding between th at least one light 
source 400 and an object to be illuminated by the at 
least one light source 400; a lens 510 formed in the first 
substrate 500 and located within the at least one light 
path 534; wherein atl east a portion of the substrate sur- 
face 580 is substantially parallel to the portion of the 
light path 534 extending between the at least one light 
source 400 and the lens 51 0. 

[001 7] Figs. 1 -5 also illustrate a method of illuminat- 
ing an object, the method comprising: providing a first 
substrate 500 having a substrate surface 580 formed 
thereon; providing at least one light source 400 
mounted to the substrate surface 580; providing a light 
path 534 extending between the at least one light 
source 400 and an object to be illuminated by the at 
least one light source 400; providing a lens 51 0 formed 
in the first substrate 500 and located within the at least 
one light path 534; wherein at least a portion of the sub- 
strate surface 580 is substantially parallel to the portion 
of the light path 534 extending between the at least one 
light source 400 and the lens 510. 
[0018] Referring to Fig. 1, the following description 
describes an illuminator 320 used in an autochanger 
100. Specifically, the illuminator 320 is located in a 
picker device 200 and is used to illuminate barcodes, of 
which the bar code 112 is an example. When the bar 
code 112 is illuminated, an imaging device 244 may 
read the bar code in a conventional manner. It is to be 
understood, however, that the illuminator 320 described 
h rein as being used in the autochanger 1 00 is for illus- 
tration purposes and that the illuminator 320 may be 
used in other applications, such as band held bar code 
r aders and electronic scanners. 

[0019] Except for the addition of the illuminator 320 
and the imaging device 244, as will be described in fur- 
ther detail below, the autochanger 100 and the compo- 
nents thereof, including the picker 200, may, for 
example, be of the type commercially available from the 
Hewlett-Packard Company and sold as Model Number 
HP 4226w or of the type described in either of the fol- 
lowing United States Patents: 5,644,559 of Christie, et 
al., for FLIP LATCH ASSEMBLY FOR MEDIA AUTO- 
CHANGER; and 5,682,096 of Christie, et al., for 
METHOD AND APPARATUS FOR MONITORING 
OPERATING POSITIONS OF A MEDIA AUTO- 
CHANGER, which are both hereby incorporated by ref- 
erence for all that is disclosed therein. 
[0020] Autochangers, including the components 
and operation thereof are disclosed, in part, in the fol- 
lowing United States patent applications: serial 

number of Gardner for OPTICAL 

ASSEMBLY HAVING LENS OFFSET FROM OPTICAL 
AXIS, filed on th same date as this application (attor- 
n y dock t number 10971597-1); serial 
number of Gardner et al. for 
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GUIDANCE SYSTEM AND METHOD FOR AN AUTO- 
MATED MEDIA EXCHANGER, filed on the same date 
as this application (attorney docket number 10971595- 
1); serial numbe r of Gardner et 

5 al. for IMAGING APPARATUS ALIGNMENT SYSTEM 
AND METHOD, filed on the same date as this applica- 
tion (attorney docket number 10971594-1); serial 
numbe r of Gardner for CALIBRA- 
TION SYSTEM FOR AN IMAGING APPARATUS AND 

io METHOD, filed on the same date as this application 
(attorney docket number 10971593-1); serial 

number of Kato et al. for 

METHOD OF DECIPHERING BAR CODES, filed on 
the same date as this application (attorney docket 

75 number 1 0970585-1 ); serial number 
of Gardner, et al. for AUTO- 
MATED OPTICAL DETECTION SYSTEM AND 
METHOD, filed on the same date as this application 
(attorney docket number 10971596-1); serial 

20 number .of Gardner for ALIGN- 
MENT APPARATUS AND METHOD FOR AN IMAGING 
SYSTEM, filed on the same date as this application 
(attorney docket number 10982315-1); and serial 
number of Gardner for METHOD 

25 AND APPARATUS FOR SETTING FOCUS IN AN 
IMAGING DEVICE, filed on the same date as this appli- 
cation (attorney docket number 10982313-1); which are 
all hereby incorporated by reference for all that is dis- 
closed therein. 

30 [0021] Fig. 1 only illustrates the components com- 
prising the autochanger 1 00 that are necessary to illus- 
trate the illuminator 320 used in the autochanger 100. 
The autochanger 100 may have a plurality of maga- 
zines, of which the magazine 102 is an example, two 

35 rails 130 and 132, a power supply 140, and a picker 
200. The magazine 102 may be a substantially parallel- 
epiped structure with a front side 104 that faces the 
picker 200. The front side 104 may have a plurality of 
slots 1 06 that are adapted to hold media pieces. The 

40 autochanger 100 illustrated herein is depicted as being 
adapted to operate with digital linear tape cartridges, 
thus, the magazine 1 02 may be adapted to hold digital 
linear tape cartridges in the slots 106. A slot 108 in the 
front side 104 of the magazine 102 is illustrated as 

45 being occupied by a digital linear tape cartridge 110. 
[0022] Bar codes may be affixed to the digital linear 
tape cartridges located in the slots 106 in the magazine 
102. As an example, a bar code 112 is illustrated as 
being affixed to the digital linear tape cartridge 110. The 

so bar codes may serve to identify the digital linear tape 
cartridges to which they are attached in a conventional 
manner. As will be described in detail below, the auto- 
changer 100 may use the illuminator 320 to illuminate 
the bar codes so that they may be read by the imaging 

55 device 244. 

[0023] The power supply 140 may supply electric 
current that is used to operate the components compris- 
ing the autochanger 100. The power supply 140 may 
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provide an electric potential across the rails 130 and 
132 via a first power line 142 and a second power line 
144. The rails 130 and 132 may be electric conductors 
that extend throughout the autochanger 100 and may 
serve to conduct electric power to the picker 200 as will 
be described below. Only a portion of the rails 130 and 
132 is illustrated in Fig. 1 . 

[0024] The picker 200 may serve to transport digital 
linear tape cartridges within the autochanger 100. The 
picker 200 may be a substantially parallelepiped struc- 
ture having a top side 210, a bottom side 212, a front 
side 214, a back side 216, a left side 218, and a right 
side 220. A corner 222 may be defined by the intersec- 
tion of the top side 210, the back side 216, and the left 
side 21 8. The front side 21 4 may have an opening 230. 
The opening 230 may have a width 232 and a height 
234 which are appropriately sized to allow digital linear 
tape cartridges to pass through the opening 230 and 
into the interior of the picker 200. 
[0025] The imaging device 244 may be located in 
the proximity of the corner 222 of the picker 200. The 
imaging device 244 may, as an example, be a bar code 
reader as is known in the art. The imaging device 244 
may be adapted and situated within the picker 200 to 
read the bar codes affixed to the digital linear tape car- 
tridges that may be located in the slots 1 06 in the mag- 
azine 102. The imaging device 244 may receive light 
from an image beam, not shown. 
[0026] The illuminator 320 may be affixed to the left 
side 218 of the picker 200. The illuminator 320 may 
serve to illuminate the bar codes affixed to digital linear 
tape cartridges located in the slots 106 in the magazine 
102. The illuminator 320 along with its location in the 
picker 200 will be described in further detail below. A 
plunge mechanism 252 may also be located within the 
- picker 200. The plunge mechanism 252 may be an elec- 
tro-mechanical device that may serve to insert and 
extract digital linear tape cartridges into and out of the 
slots 1 06 in a convention manner. 
[0027] A servo system 240 may be operationally 
attached to the picker 200. The servo system 240 may 
serve to move the picker 200 within the autochanger 
100 in a conventional manner. Specifically, the servo 
system 240 may serve to move the picker 200 in a ver- 
tical direction 120, a plunge direction 122, and a trans- 
verse direction 124. The plunge direction 122 may be a 
direction that is parallel to the shortest possible axis 
extending between the magazine 102 and the picker 
200. The transverse direction 124 may be a direction 
that is parallel to an axis that is normal to the left side 
21 8 or the right side 220 of the picker 200. The vertical 
direction 120 may be parallel to an axis that is normal to 
the top side 210 or the bottom side 212 of the picker 
200. 

[0028] A power distribution box 242 may be affixed 
to the picker 200. The distribution box 242 may also be 
electrically connected to the rails 130 and 132 by th 
use of conventional electric brushes, now shown. The 



distribution box 242 may be electrically connected to the 
servo system 240 by a servo power line 246. The distri- 
bution box 242 may be electrically connected to the illu- 
minator 320 by an illuminator power line 248. The 

5 distribution box 242 may be electrically connected to the 
plunge mechanism 252 by a plunge power line 254. 
Additionally, the distribution box 242 may be electrically 
connected to the imaging device 244 by an image 
power line 250. The distribution box 242 may conduct 

10 electric current from the rails 130 and 132 and distribute 
the electric current to the above-described components 
comprising the picker 200. 

[0029] The picker 200 requires electric current to 
operate the servo system 240, the imaging device 244, 

15 the plunge motor 252, and the illuminator 320. This cur- 
rent may be produced by the power supply 1 40 and con- 
ducted to the picker 242 by the brushes in the 
distribution box 242 as previously described. As the cur- 
rent requirements of the picker 200 increase, the current 

20 supplied by the power supply 140 has to increase pro- 
portionally. This may require the use of a physically 
larger power supply 140, which increases the size and 
weight of the autochanger. Furthermore, the larger 
power supply 140 may occupy space within the auto- 

25 changer 100 that may otherwise be available for the 
storage of digital linear tape cartridges. The increased 
current requirements of the picker 200 require 
increased current to flow between the rails 130 and 132 
and the distribution box 242. This increased current flow 

30 may cause the rails 130 and 132 and the brushes, not 
shown, to oxidize, which decreases their efficiency and 
may cause the current flow to become disrupted. The 
increased current flow may also cause the brushes to 
wear prematurely, which will render the picker 200 inop- 

35 enable. Accommodating the increased current flow may 
require larger brushes and rails 130 and 132, which 
increases the size and cost of the autochanger 100. 
[0030] These above-described problems may be 
alleviated, in part, by using components within the 

40 picker 200 that require minimal amounts of electric cur- 
rent. The illuminator 320 disclosed herein uses minimal 
electric current by concentrating light 588 emitted by the 
illuminator 320 so as to most efficiently illuminate a bar 
code affixed to a digital linear tape cartridge. When the 
45 light 588 is used efficiently, less light 588 is required to 
be emitted by the illuminator 320 and, accordingly, less 
electric current is required to be supplied to the illumina- 
tor 320. This minimal electric current use by the illumi- 
nator 320 helps to alleviate the above-described 
so problems associated with extensive electric current use 
by the picker 200. 

[0031] Having described the autochanger 100, the 
illuminator 320 will now be described followed by a 
description of the illuminator 320 integrated into the 
55 picker 200. Referring to Fig. 2, the illuminator 320 may 
have a light assembly 400 associated with a lens 
assembly 500. The light assembly 400 will be describ d 
below followed by a description of the lens assembly 
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500. Three spatial directions may be used with refer- 
nce to the illuminator 320. The spatial directions are 
the x-direction 340, the y-direction 342, and the z-direc- 
tion 344. 

[0032] The light assembly 400 may comprise a lin- 5 
ear array 432 of light-emitting diodes (LEDs) 430 
mounted to a substrate 410. The LEDs 430 may, as an 
example, be commercially available from-the Hewlett- 
Packard Company as model HSMC-S660. The sub- 
strate 410 may, as an example, be a flexible printed cir- io 
cuit card as is known in the art. The substrate 410 may 
have a back end 420 and a head 414 connected by a 
stem 412. The back end 420 of the substrate 410 may 
have an electrical connector 426 integrally formed into 
the substrate 41 2. The stem 41 2 may serve as a vehicle 15 
to conduct electric current between the connector 426 
and the head 414 in a conventional manner. The head 
41 4 may serve to conduct electric current from the stem 
41 2 to the array 432 of LEDs 430. 

[0033] The head 41 4 may have a front edge 470, a 20 
left edge 476, a right edge 478, a first back edge 472 
and a second back edge 474. The first back edge 472 
may extend between the left edge 476 and the stem 
412. The second back edge 474 may extend between 
the right edge 478 and the stem 412. The first back 25 
edge 472 and the second back edge 474 may be 
approximately located on a common axis. The head 414 
may have a width 416, e.g., 35 millimeters, extending 
between the left edge 476 and the right edge 478. The 
head 414 may have a length 418, e.g., 10 millimeters, 30 
extending betweeneither the first back edge 472 or the 
second back edge 474 and the front edge 470. A sur- 
face 424 may be defined by the boundaries of the front 
edge 470, the top edge 476, the right edge 478, and an 
axis extending along the first back edge 472 and the 35 
second back edge 474. 

[0034] The head 414 may have two alignment 
holes, a left alignment hole 460 and a right alignment 
hole 462. The alignment holes 460 and 462, as will be 
described below, may serve to align the head 414 at a 40 
predetermined location relative to the lens assembly 
500. The center point of the left alignment hole 460 may 
be located a distance 464, e.g., 6.5 millimeters, from the 
front edge 470 of the head 414. The center point of the 
left alignment hole 460 may also be located a distance 45 
466, e.g., 2.5 millimeters, from the left edge 476 of the 
head 414. The right alignment hole 462 may be located 
similar distances from the front edge 470 and the bot- 
tom edge 478 of the head 414. The center point of the 
left alignment hole 460 may be located a distance 468, so 
e.g., 30 millimeters, from the center point of the right 
alignment hole 462. 

[0035] The array 432 of LEDs 430 may be mounted 
on the surface 424 of the head 414. The array 432 of 
LEDs 430 may have a left LED 429 and a right LED 431 . 55 
Each LED may have two ends 436 and a front side 434. 
The ends 436 may serve as mounting areas to opera- 
tively connect the LEDs 430 to the surface 424 of the 



head 414, e.g., the sides 436 of the LEDs 430 may be 
soldered to the surface 424. The front sides 434 of the 
LEDs 430 may each have a light emitter 440. The light 
emitters 440 may emit light when electric current 
passes in a predetermined direction between the ends 
436 of the LEDs 430. The LEDs 430 may be mounted to 
the surface 424 so that the light emitters 440 emit light 
on a plane that is approximately parallel to the surface 
424. The front sides 434 of the LEDs 430 may abut an 
axis 452, illustrated by the reference line AA in Fig. 2. 
The axis 452 may be located at a predetermined posi- 
tion relative to the lens assembly 500 when the light 
assembly 400 is mounted to the lens assembly 500 as 
is described below. 

[0036] It is assumed, for the purpose of illustration, 
that the front edge 470 of the head 414 is straight, thus, 
the axis 452 may be located a distance 450, e.g., 0.5 
millimeters from the front edge 470. Alternatively, the 
axis 452 may be located on the front edge, thus, elimi- 
nating the distance 450. The dimensions of the head 
414 may be controlled during manufacturing with 
enough precision that the location of the axis 452 may 
be referenced to the front edge 470 of the head 41 4. 
Accordingly, the axis 452 may be referenced to the 
center points of the alignment holes 460 and 462, which 
assures that the LEDs 430 are located at a predeter- 
mined location relative to the lens assembly 500. 
[0037] Fig. 3 is a side view of the illuminator 320 
illustrating side views of the right LED 431, the head 
414, and the lens assembly 500. All of the LEDs 430 
mounted to the head 414 may be mounted in a manner 
that is substantially similar to the right LED 431 . Fig. 4 is 
an enlarged view of the right LED 431 mounted to the 
head 414, A solder junction 480 may be used to electri- 
cally and mechanically attach the right LED 431 to the 
surface 424 of the head 41 4 so that the right LED 431 is 
located a predetermined distance 482 from the surface 
424 of the head 414. A reference axis BB may extend 
through the midpoint of the emitter 440. The axis BB 
may be located a distance 483, e.g., 0.5 millimeters, 
from the surface 424. The LEDs 430 may be of the type 
known in the art as surface mount light-emitting diodes. 
The use of surface mount light-emitting diodes substan- 
tially reduces the tolerances associated with the dis- 
tance 482 and the distance 483. The distance 482 may, 
as an example, have a tolerance of 0.025 millimeters. 
The distance 550 may, as an example, have a tolerance 
of 0.08 millimeters. 

[0038] Referring again to Fig. 2, the lens assembly 
500, sometimes referred to herein as a substrate, may 
comprise an integrally formed lens 510 and reference 
surface 580. The lens 510 and the reference surface 
580 may be connected by a left wall 530 and a right wall 
540. The lens 510 may have a convex surface 512 and 
a planar surface 51 4. The lens 51 0 may have a top side 
526 and a bottom side 528 wherein the top side 526 and 
the bottom side 528 may join the convex surface 512 
and the planar surface 514. The lens 510 may have a 
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left end 516 and a right end 518. A length 520, e.g., 32 
millimeters, may extend between the left end 516 and 
the right nd 518. Referring again to Fig. 3, the lens 510 
may have a height 536, e.g., 8 millimeters, extending 
between the junction of the top side 526 and the convex 
surface 512 and the junction of the bottom side 528 and 
the convex surface 512. The lens 510 may have a width 
538, e.g., 3.5 millimeters, extending between the planar 
surface 514 and the approximate mid-section of the 
convex surface 512. 

[0039] Additionally, the lens assembly 500 may 
have a left mounting tab 570 and a right mounting tab 
576. The left mounting tab 570 may protrude from the 
left wall 530. The right mounting tab 576 may protrude 
from the right wall 540. The left mounting tab 570 may 
have a left mounting hole 572. The right mounting tab 
576 may have a right mounting hole 578. The right 
mounting tab 576 may additionally have two alignment 
holes 61 0 and 620. The center point of the left mounting 
hole 572 and the center point of the right mounting hole 
578 may be separated by a distance 574, e.g., 50 mil- 
limeters. The left mounting hole 572 and the right 
mounting hole 578 may serve to mount the illuminator 
320 to a support structure and may be slightly oblong to 
account for tolerances between the illuminator 320 and 
the support structure. The alignment holes 610 and 620 
may serve to assure that the illuminator 320 is properly 
positioned relative to the support structure. 
[0040] Referring again to Fig. 3, the lens 510 may 
have a focal plane 534, as is known in the art, that 
appears as a line extending in the x-direction 340 when 
illustrated from the side view of Fig. 3. The lens 51 0 may 
have a back focal length 524 that is measured in the x- 
direction 340 from the planar surface 514 of the lens 
510 toward the reference surface 580. Referring again 
to Fig. 2, a focal axis 522 may be a line located on the 
focal plane 534, Fig. 3, and at a distance of the back 
focal length 524 from the planar surface 514 of the lens 
510. The focal axis 522 may extend in the y-direction 
342 approximately the length 520 of the lens 510. The 
focal axis 522 may be used as a reference to align the 
linear array 430 of LEDs 432 to the lens 510. As an 
xample, the emitters 440 of the LEDs 432 may be 
located on the focal axis 522. 

[0041] The reference surface 580 may have a back 
edge 592, a front edge 594, a left edge 593 and a right 
edge 595. The reference surface 580 may have a length 
584, e.g., 36 millimeters, extending between the left 
edge 593 and the right edge 595. The reference surface 
580 may also have a width 586, e.g., 10 millimeters, 
extending between the back edge 592 and the front 
edge 594. Referring briefly to Fig. 3, the reference sur- 
face 580 may have a top side 582 and a bottom side 
588 separated by a width 590, e.g., 1 millimeter. Refer- 
ring again to Fig. 2, the length 584 and the width 586 of 
the reference surface 580 may be appropriately sized 
so that the head 414 of the light source 400 may set on 
the reference surface 580. The reference surfac 580 



may have a left alignment hole 560 and a right align- 
ment hole 561. The center point of the left alignment 
hole 560 may be located a distance 562, e.g., 7.5 mil- 
limeters from the front edge 594 and a distance 564, 

5 e.g., 3 millimeters, from the left edge 593. The right 
alignment hole 561 may be similarly located relative to 
the front edge 594 and the right edge 595. The center 
point of the left alignment hole 560 may be located a 
distance 568, e.g., 30 millimeters, from the center point 

10 of the right alignment hole 561. The alignment holes 
560 and 561 may be substantially similar to the align- 
ment holes 460 and 462 so that when they are aligned 
along common axes, the focal axis 522 of the lens 510 
is located on the light emitters 440 of the LEDs 430. 

is [0042] The left wall 530 and the right wall 540 may 
extend between the lens 510 and the reference surface 
580. Specifically, the left wall 530 may extend between 
the lens left end 516 and the left edge 593 of the refer- 
ence surface 580. The left wall 530 may have a side 532 

20 facing the reference surface 580 and the planar 514 
side of the lens 510. The right wall 540 may extend 
between the lens right end 518 and the right edge 595 
of the reference surface 580. The right wall 540 may 
have a side 542 facing the reference surface 580 and 

25 the planar side 514 of the lens 510. The left wall 530 
and the right wall 540 may serve as structural members 
for the lens assembly 500, and may, likewise, maintain 
the reference surface 580 at a fixed location relative to 
the lens 510. 

30 [0043] Having described the light assembly 400 
separate from the lens assembly 500, the two assem- 
blies will now be described integrated together to form 
the illuminator 320. Referring to Fig. 3, the light assem- 
bly 400 may set on the top side 582 of the reference sur- 

35 face 580 of the lens assembly 500 as will be described 
-in detail below. The reference surface 580 may serve as 
a support structure to align the LEDs 430 to the lens 
510. A securing pin 566 may be placed through the right 
alignment hole 462 in the head 414 and the right align- 

40 ment hole 561 in the reference surface 580. A similar 
pin, not shown, may be placed through the left align- 
ment hole 460 in the head 414 and the left alignment 
hole 560 in the reference surface 580, Fig. 2. A conven- 
tional adhesive may be used to bind the top side 582 of 

45 the reference surface 580 to the head 414 of the light 
source 400. 

[0044] The LEDs 430 may emit a source beam 581 
of light. The source beam 581 may be defined as having 
a top side 583 and a bottom side 585 when viewed from 

so the side view of Fig. 3. The top side 583 may extend 
between the emitters 440 on the LEDs 430 and the 
junction of the top side 526 and the planar side 514 of 
the lens 510. The bottom side 585 may extend between 
the emitters 440 and the junction of the bottom side 528 

55 and the planar side 51 4 of the lens 51 0. A source angle 
586 may exist between the top side 583 and the bottom 
side 585. The LEDs 430 may be selected so that the 
majority of light emitted by the LEDs 430 is emitted 
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within the source angle 586. 

[0045] The lens 510 serves to collimate the source 
beam 581 to form an illumination beam 588. The illumi- 
nation beam 588 may be defined as having a top side 
590 and a bottom side 591 when viewed from the side 
view of Fig. 3. The top side 590 may originate from the 
vicinity of the junction of th top side 526 and the convex 
side 512 of ISe liens 51 0. The bottom side 5§T may orig- 
inate from the junction of the bottom side 528 and the 
convex side 512 of the lens 510. The result of collimat- 
ing the source beam 581 is that the top side 590 of the 
illumination beam 588 is substantially parallel to the bot- 
tom side 591 , which are both substantially parallel to the 
focal plane 534. Collimating the source beam 581 fur- 
ther results in the top side 590 of the illumination beam 
588 and the bottom side 591 being approximately sepa- 
rated by the height 536 of the lens 510. The source 
beam 581 is generally divergent, which results in the 
light energy emitted by the LEDs 430 attenuating pro- 
portional to the distance from the LEDs 430. The light 
nergy constituting the collimated illumination beam 
588 is concentrated in the dimension illustrated by side 
view of Fig. 3. The illuminator 320 is, thus, able to illumi- 
nate objects at greater distances than it would without 
the use of the collimated illumination beam 588. 
[0046] In order to efficiently collimate the source 
beam 581 to form the illumination beam 588, it is critical 
that the emitters 440 be precisely located on the focal 
axis 522, Fig. 2, of the lens 510. The focal axis 522 is 
locat d on the focal plane 534 at a distance of the back 
focal length 524 from the planar side 514 of the lens 510 
and xtends in the y-direction 342. If an LED is located 
too close to, or too far from, the lens 51 0 in the x-direc- 
tion 340, the light emitted by the LED will not collimate. 
This may result in the light energy emitted by the LED 
being partially wasted because the light may diverge 
from the lens 510 or converge at an improper location. 
Furthermore, if an emitter 440 associated with an LED 
is not located on the focal plane 534, e.g., the emitter 
440 is located a distance in the z-direction 344 from the 
focal plane 534, the light emitted by the LED, after pass- 
ing through the lens 510, will not extend parallel to the 
focal plane 534. Accordingly, the light energy emitted by 
the LED may be partially wasted because it will be 
steered away from the object which it is supposed to illu- 
minate. It has been found that the illumination intensity 
of an illumination system is more sensitive to variations 
in the location of the light source in the z-direction 344 
than to variations in the x-direction 340 or the y-direction 
342. In other words, variations in the location of the light 
source in the z-direction 344 relative to the lens 51 0 will 
have a large impact on the illumination intensity relative 
to variations in the x-direction 340 or the y-direction 342. 
Accordingly, although it is generally desirable to reduce 
or eliminate location variations in all three axes, it is par- 
ticularly critical to minimize variations in the z-direction 
344. 

[0047] Conventional illuminators ar not able to pre- 



cisely control the location of the light source relative to 
the lens. Conventional illuminators may, for example, 
have LEDs mounted to a printed circuit board wherein 
the printed circuit board is positioned parallel to the pla- 

5 nar surface of the lens, e.g., perpendicular to the focal 
plane of the lens. The printed circuit board and the lens 
are typically attached to a support structure and are not 
integrally formed as with the lens assembly 500 that has 
the lens 51 0 integrally formed with the reference surface 

70 580. With regard to Fig. 3, the head of a conventional 
illuminator is positioned so that it is parallel to the planar 
surface 51 4 of the lens 51 0, e.g., the surface of the head 
extends in the z-direction 344. Accordingly, the conven- 
tional illuminator uses zero degree LEDs that emit light 

75 normal to the surface of the printed circuit board, which 
is the x-direction 340. 

[0048] A conventional illuminator has two toler- 
ances that affect the location of the lens relative to the 
LEDs. These tolerances ultimately affect the intensity of 

20 light that illuminates an object. The first tolerance is in 
the location of the LEDs relative to the board and the 
second tolerance is in the location of the board relative 
to the lens. These tolerances stack to affect the location 
of the LEDs relative to the lens in the x-direction 340, 

25 the y-direction 342, and the z-direction 344 and are 
described in detail below. 

[0049] Illuminators have generally been found to be 
less sensitive to variations in the location of the LEDs 
relative to the lens with respect to the y-direction than 

30 with respect to variations in the x-direction 340 and the 
z-direction 344. The tolerance in the location of the 
LEDs relative to the board with respect the y-direction in 
a conventional illuminator is typically 0.08 millimeters. 
The tolerance in the location of the board relative to the 

35 lens in the y-direction is typically 0.3 millimeters. These 
two tolerances stack, resulting in an overall tolerance in 
the y-direction 342 between the lens and the LEDs of 
0.38 millimeters. Illuminators, however, have generally 
been found to be minimally sensitive to variations in the 

40 location of the lens relative to the LEDs caused by these 
tolerances. In other words, the intensity of the illumi- 
nated object varies minimally with variations in the loca- 
tion of the LEDs relative to the lens in the y-direction 
342. 

45 [0050] Illuminators have generally been found to be 
more sensitive to variations in the location of the LEDs 
relative to the lens with respect to the x-direction than 
with respect to variations in the y-direction. The toler- 
ance in the x-direction 340 with regard to the location of 

so the LEDs relative to the board in a conventional illumi- 
nator is typically 0.025 millimeters. The tolerance in the 
x-direction 340 with regard to the location of the board 
relative to the lens is typically 0.3 millimeters. These two 
tolerances stack, resulting in an overall tolerance in the 

55 x-direction 340 between the lens and the LEDs of 0.325 
millimeters. This tolerance may cause variations in th 
x-direction 340 betwe n the LEDs and the lens, which 
results in the LEDs being too close to, or too far from, 
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the focal axis of the lens. In either case, the illumination 
beam will not collimate. In oth r words, the illumination 
beam will either converge or diverge, resulting in the 
some of the light energy emitted by the LEDs not being 
focused on the object being illuminated and, thus, being 
wasted. Conventional illuminators overcome this prob- 
lem by increasing the intensity of light emitted by the 
LEDs, which increases the power requirement of the 
illuminator and causes the above-described problems. 
[0051] Illuminators have generally been found to be 
most sensitive to variations in the location of the LEDs 
to the lens with respect to the z-direction. Specifically, 
small variations in the z-direction 344 between the 
LEDs and the lens results in the illumination beam being 
steered away from the object. The tolerance in the z- 
direction 344 with respect to the location of the LEDs 
r lative to the board in a conventional illuminator is typ- 
ically 0.08 millimeters. The tolerance in the z-direction 
344 with respect to the location of the board relative to 
the lens is typically 0.3 millimeters. These two toler- 
ances stack, resulting in an overall tolerance in the z- 
direction between the lens and the LEDs of 0.38 millim- 
eters. 

[0052] This above-described tolerance between the 
location of the lens relative to the LEDs in the z-direction 
causes substantial variations in the location of the lens 
relative to the LEDs. These variations in the z-direction 
cause the illumination beam to be steered away from 
the object being illuminated. Conventional illuminators 
overcome this problem by increasing the width of the 
illumination beam, thereby, illuminating the object 
regardless where the illumination beam is steered. 
When the width of the illumination beam is increased, 
however, the intensity of light constituting the illumina- 
tion beam is reduced. Conventional illuminators over- 
come this problem by increasing the intensity of light 
emitted by the LEDs. This solution, however, requires 
that the illuminator use more power, which leads to the 
above-described problems. 

[0053] As described above, conventional illumina- 
tors have generally been found to be most sensitive to 
variations in the z-direction between the location of the 
lens relative to the LEDs. Accordingly, the tolerance in 
the z-direction is the most critical; however, it does not 
represent the minimum tolerance between the location 
of the LEDs relative to the lens in a conventional illumi- 
nator. The tolerance in the x-direction 340 is the mini- 
mum tolerance between the LEDs and the lens in a 
conventional illuminator. 

[0054] The aforementioned problems associated 
with high tolerances in the location of the lens relative to 
the LEDs in conventional illuminators are overcome by 
the illuminator 320 described herein. Overcoming these 
problems associated with high tolerances in the illumi- 
nator 320 results in the illumination beam 588 being reli- 
ably collimated and directed parallel to the focal plane 
534. The reference surface 580 integrally formed with 
the lens 510 virtually eliminates the variation between 



the lens 510 and the surface 424. When the alignment 
holes 460 and 462 on the head 414 are aligned to the 
alignment holes 560 and 561 on the reference surface 
580, the surface 424 of the head 414 will be precisely 

5 located relative to the lens 51 0. Accordingly, the illumi- 
nator 320 has minimal tolerances in the location of the 
lens 510 relative to the LEDs 430. In other words, the 
variation in the location of the lens 510 relative to the 
LEDs 430 is substantially limited to the variations 

10 between the LEDs 430 and the surface 424 of the head 
414. 

[0055] Referring to Figs. 3 and 4, variations in the 
location of the LEDs 430 relative to the surface 424 in 
the critical z-direction 344 are minimized by the use of 

75 the ninety degree LEDs 430. It has been found that var- 
iations in the location of the LEDs 430 relative to the 
surface 424 in the critical z-direction 344 is substantially 
equal to the variation in the thickness of the solder joints 
480 between the LEDs 430 and the surface 424. This 

20 thickness variation is typically 0.025 millimeters, which, 
accordingly, is the tolerance in the z-direction 344 
between the LEDs 430 and the surface 424. The refer- 
ence surface 580 is integrally formed with the lens 51 0, 
which substantially eliminates the tolerance between 

25 the location of the surface 424 and the lens 510. 
Accordingly, variations between the LEDs 430 and the 
lens 510 in the critical z-direction 344 are typically only 
0.025 millimeters. 

[0056] It has been further found that the tolerance in 

30 the location of the LEDs 430 relative to the surface 424 
in the x-direction 340 and the y-direction 342 is typically 
0.08 millimeters. This tolerance is primarily due to the 
manufacturing techniques in positioning LEDs to a cir- 
cuit board. The use of the reference surface 580 inte- 

35 grally formed with the lens 510 substantially reduces 
any tolerance between the surface 424 and the lens 
510. Accordingly, the variations between the LEDs 430 
and the lens 510 in both the x-direction 340 and the y- 
direction 342 are only typically 0.08 millimeter. 

40 [0057] The variation in the location between the 
LEDs 430 relative to the lens 510 in the z-direction 344 
of 0.025 millimeters is much less than the variation in 
the x-direction 340 and the y-direction 342, which is typ- 
ically 0.08 millimeters. In other words, by using the 

45 ninety degree LEDs 430, the lowest tolerance direction 
is aligned with the most sensitive illuminator axis, i.e., 
the z-axis. The light emitters 440 of the LEDs 430, thus, 
may be precisely located on the focal axis 522 of the 
lens 510 as illustrated in Fig. 3 so as to most efficiently 

so use the light emitted by the LEDs 430. 

[0058] When the LEDs 430 are precisely located on 
the focal axis 522, Fig. 3, the illumination beam 588 will 
be collimated. The width 536 of the collimated illumina- 
tion beam 588 may be selected, through known optical 

55 techniques, to be only as wide as is necessary for an 
imaging apparatus to image a bar code. When the illu- 
mination beam 588 is only as wide as is necessary to 
illuminate a bar code and all the light energy emitted by 
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the LEDs 430 is focused onto the bar code, the illumina- 
tor 320 is op rating efficiently. This efficiency allows the 
LEDs 430 to emit minimal light energy to illuminate a 
bar code, which, in turn, minimizes the energy, and thus 
electric current, required to be supplied to the picker 5 
200, Fig. 1. This reduction in electric current required by 
the picker 200 reduces the amount of electric current 
required to be supplied'by the power source 140, which 
may reduce the size, weight, and cost of the power sup- 
ply 140. w 
[0059] Referring to Fig. 5, having described the illu- 
minator 320 and the picker 200, the illuminator 320 will 
now be described mounted to the picker 200. Fig. 4 
illustrates the left side 218 of the picker 200 as viewed 
from inside the picker 200. The left side 218 may have 15 
an opening 260. The opening 260 may have a top side 
262, a back side 264, a bottom side 266, and a front 
side 268. The left side 218 may have a left mourning 
hole 270 and a right mounting hole 272. The center 
point of the left mounting hole 270 may be separated 20 
from the center point of the right mounting hole 272 by 
a distance 274, e.g., 50 millimeters. The left side 218 
may have a front surface 276 and a back surface 278. 
The front surface 276 faces the interior of the picker 
200, Fig. 1. 25 
[0060] The illuminator 320 may be mounted to the 
back surface 278 of the left side 218 so as to protrude 
through the opening 260. The lens 510 and the LEDs 
430 are visible from the view of Fig. 5 through the open- 
ing 260. The opening 260 may be appropriately sized to 30 
accommodate the left wall 530, the right wall 540, and 
the lens 510. The left mounting tab 570 and the right 
mounting tab 578 may abut the back side 278. Two fas- 
t ning devices, not shown, may be used to fasten the 
illuminator 320 to the left side 218. The fasteners pass 35 
through the holes 270 and 272 in the back side 218 and 
into the mounting holes 572 and 578, not shown in Fig. 
4, in the left mounting tab 570 and the right mounting 
tab 578 respectively. Two protrusions, not shown, may 
be located on the back surface 278. The two protrusions 40 
may align with the alignment holes 610 and 620, Fig. 2, 
on th right mounting tab 578 to properly position the 
illuminator 320 relative to the left side 218. 
[0061] Referring to Fig. 1 , the autochanger 1 00 will 
now be described reading the bar code 112 affixed to 45 
the digital linear tape cartridge 110 and extracting the 
digital linear tape cartridge 1 1 0 from the slot 1 08 in the 
magazine 102. Reading the bar code 112 commences 
with the picker 200 moving to the appropriate transverse 
position 124 and vertical position 126 so as to position so 
the picker 200 adjacent to the digital linear tape car- 
tridge 110. Positioning the picker 200 is accomplished 
by the servo system 240 moving the picker 200 in a con- 
ventional manner. 

[0062] When the picker 200 is adjacent to the digital 55 
linear tape cartridge 110, the illuminator 320, via the illu- 
mination beam 588, illuminates the bar code 1 12. Spe- 
cifically, the illuminator 320 receives electric current 



from the power supply 140 via the rails 130 and 132, the 
distribution box 242, and the illuminator power line 248. 
When the illuminator 320 receives electric current, the 
illuminator 320 emits the illumination beam 588. The 
illuminator 320 is situated within the picker 200 so that 
the illumination beam 588 passes through the approxi- 
mate mid-section of the opening 230 in the front side 
214 of the picker 200. -A narrow strip of the bar code 
112, centered about the focal plane 534, is illuminated 
by the illuminator 320. The narrow strip is approximately 
as wide as the width 536 of the lens 510, Fig. 2. 
[0063] Fig. 1 illustrates the illumination beam 588 
as being fan-shaped. The illumination beam 588 is col- 
limated in the dimension corresponding to the trans- 
verse direction 124. The illumination beam 588 diverges 
slightly from the illumination lens 320 in the dimension 
corresponding to the vertical direction 120. The diver- 
gence of the illumination beam 588 is dependent on the 
type of source used to produce the illumination beam 
588 and the tens used to collimate the illumination beam 
588. The illuminator 320 illustrated herein has a linear 
light source being the linear array 432 of LEDs 430, Fig. 
2. The linear array 432 of LEDs 430 emits the source 
beam 581, Fig. 3, that diverges in the vertical direction 
120. Additionally, the lens 510 is a rectangular lens and 
does not collimate light in the dimension corresponding 
to the vertical direction 120. The light source 400, Fig. 2, 
has been selected so that the illumination beam 588 
diverges enough to illuminate the length of the barcode 
1 12 when the picker 200 is located at a predetermined 
plunge location 122 relative to the digital linear tape car- 
tridge 110. The divergence has been selected so as to 
illuminate solely the barcode, thereby no light energy is 
wasted illuminating objects that will not be imaged. 
[0064] When the bar code 112 is illuminated, the 
imaging device 244 will read the bar code. The imaging 
device may receive an image of the barcode 112 via a 
conventional image beam, not shown. The image beam 
may intersect the illumination beam 588 at the bar code 
112. Ideally, the image beam intersects the illumination 
beam 588 at the focal plane 534, however, the image 
beam may intersect the illumination beam 588 between 
the left side 592 and the right side 591 so long as the 
image beam also intersects the bar code 112. 
[0065] The image beam contains an image of the 
bar code 112. The imaging device 244 converts the 
image of the bar code 112 to machine-readable image 
data for processing by a conventional bar code proces- 
sor, not shown. The bar code processor may be inte- 
grated into the imaging device 244. When the bar code 
1 12 is read, the autochanger 100 is able to identify the 
digital linear tape cartridge 1 1 0 pursuant to the informa- 
tion encoded in the bar code 112. If the autochanger 
100 is able to determine the vertical position 120 and 
the transverse position 124 of the picker 200, the auto- 
changer 100 may further determine the location of the 
digital linear tape cartridge 110 within the autochanger 
1 00 for future reference. 
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[0066] If the digital linear tape cartridge 110 is 
required to be transported to a media player, not shown, 
the picker 200 will extract the digital linear tape cartridge 
1 1 0 from the slot 1 08. The servo system 240 moves the 
picker 200 in the plunge direction 122 to a point where 
the picker 200 is able to extract the digital linear tape 
cartridge 1 10 from the magazine 102. In some applica- 
tions the picker 200 is unable to move in the plunge 
direction 122 and is, thus, always in the proper plunge 
■position 122 to extract the digital linear tape cartridge 
110 from the magazine 102. The plunge mechanism 
252 then operates in a conventional manner to extract 
the digital linear tape cartridge 110 from the magazine 
1 02 and to draw the digital linear tape cartridge 1 1 0 into 
the picker 200. The servo system 240 then operates to 
move the picker 200 to the vicinity of the media player to 
insert the digital linear tape cartridge 1 1 0 into the media 
player. 

[0067] The distribution box 242 may selectively acti- 
vate the components within the picker to reduce the 
power consumed by the picker. For example, the distri- 
bution box 242 terminate power to the illuminator 320 
and the imaging device 244 when either the plunge 
mechanism 252 or the servo system 240 is active. The 
illuminator 320 and the imaging device 244, however, 
must be activated simultaneously in order to read a bar 
code. 

[0068] Having described an embodiment of the illu- 
minator 320, other embodiments of the illuminator 320 
will now be described. Referring again to Fig. 2, the light 
source 400 has been described as having a linear array 
432 of LEDs 430. This linear array 432 produces sub- 
stantially uniform light intensity in the illumination beam 
588, Fig. 1 . The light source 400, however, may have a 
single light-emitting element, such as an LED. The sin- 
- gle light-emitting element may- be less costly than the 
array 432, however, the intensity of light in the illumina- 
tion beam 588, Fig. 1 , may not be substantially uniform. 
Furthermore, should the single light-emitting element 
fail, the illuminator 320 will be rendered inoperable. 
[0069] The lens assembly 500 may be formed from 
a variety of different materials provided that light gener- 
ated by the light source 400 may pass through the lens 
510. The lens assembly 500 may, for example, be made 
of transparent plastic as is known in the art. Alterna- 
tively, the lens assembly 500 may be made of a material 
that passes a selected band of light frequencies. In this 
embodiment, the material comprising the lens assembly 
500 functions as an optical filter. 
[0070] Referring again to Fig. 1, the illumination 
beam 588 is directed through the opening 230 in the 
front side 21 4 of the picker 200 to intersect the bar code 
112. Directing the illumination beam 588 may be 
accomplished my mounting the illuminator 320 to the 
left side 21 8 of the picker 200 so that the reference sur- 
face 580, Fig. 2, is not parallel to the left side 218 of the 
picker 200. A wedge or other similar spacing d vice 
may, as examples, be located between the illuminator 



320 and the left side 21 8 of the picker to properly steer 
the illumination beam 588. An alternative method of 
steering the illumination beam 588 is disclosed in the 
United States patent application, serial 

5 number__ . previously referenced 

(attorney docket number 10971597-1). 
[0071] Referring to Fig. 3, the illumination beam 
588 has been described herein as being collimated. An 
embodiment of the illuminator 320 locates the LEDs 430 

10 a distance in the x-direction 340 form the back focal 
length 534. In this embodiment, the illumination beam 
588 may converge or diverge from the lens 510. This 
embodiment may be used to create a predetermined 
illumination pattern on an object. The location of the 

is LEDs 430 may be controlled in the x-direction, thus, the 
illumination pattern may not vary. 
[0072] The illuminator 320 described herein has 
been incorporated into a bar code reading system of the 
type used in an autochanger 100. It is to be understood, 

20 however, that this use of the illuminator 320 is for illus- 
tration purposes only and that the illuminator may be 
used in other applications, e.g., electronic scanning 
devices and hand-held bar code readers. 
[0073] It is contemplated that the inventive con- 

25 cepts herein described may be variously otherwise 
embodied and it is intended that the appended claims 
be constructed to include alternative embodiments of 
the invention except insofar as limited by the prior art. 
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1 . An illumination system (320) comprising: 

a lens assembly (500) having a surface (580) 
formed thereon; 

.... at least-one light source (400) located on said 

surface (580); 

a lens (510) formed in said lens assembly 
(500); 

a first light path portion extending between said 
lens (510) and an object to be illuminated by 
said at least one light source (400); 
a second light path portion extending between 
said at least one light source (400) and said 
lens (510); 

wherein at least a portion of said surface (580) 
is substantially parallel to said second light 
path. 

2. The illumination system (320) of claim 1 wherein 
said lens (510) is a collimating lens. 

3. The illumination system (320) of claim 1 wherein 
said at least one light source (400) comprises at 
least one light emitting element (430) mounted to a 
substrate (410) and wherein said substrate (410) is 
mounted to said surface (580). 
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4. The illumination system (320) of claim 1 wherein 
said at least one light source (400) comprises at 
least one surface mount light mitting diode (430). 

5. The illumination system (320) of claim 1 wherein s 
said lens (510) has a focal axis (522) and wherein 
said at least one light source (400) is approximately 

WS^^ * — 

6. A method of illuminating an object, said method 10 
comprising: 

providing a lens assembly (500) having a sur- 
face (580) formed thereon; 
providing at least one light source (400) 
mounted to said surface (580); 
providing a lens (510) formed in said lens 
assembly (500); 

providing a first light path portion extending 
between said lens (510) and an object to be 
illuminated by said at least one light source 
(400); 

providing a second light path portion extending 
between said at least one light source (400) 
and said lens (510); 

wherein at least a portion of said surface (580) 
is substantially parallel to said second light 
path portion. 

7. The method of claim 6 wherein said lens (510) is a 30 
collimating lens. 

8. The method of claim 6 wherein said at least one 
light source (400) comprises at least one light emit- 
ting element (430) mounted to a substrate (410) 35 
and wherein said substrate (41 0) is mounted to said 
surface (580). 

9. The method of claim 6 wherein said at least one 
light source (400) comprises at least one surface ao 
mount light emitting diode (430). 

10. The method of claim 6 wherein said lens (510) has 
a focal axis (522) and wherein said at least one light 
source (400) is approximately located on said focal 45 
axis (522). 
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FIG. 4 
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(54) Low power illuminator 

(57) An illuminating device (320) comprises a light 
source (400) associated with a lens (510) having an in- 
tegrally formed reference surface (580) to which the light 
source (400) is attached. The light source (400) is a lin- 
ear array (432) of surface mount light-emitting diodes 
(430) that emit light in a direction parallel to the surface 



(424) to which they are mounted. The precise location 
of the light source (400) relative to the lens (510) con- 
centrates the light emitted from the light source (400) 
onto the object which is to be illuminated, thus reducing 
the intensity of light required and the power requirement 
of the light source (400). 
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